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:PURPOSE |

A model study was made to determine the.required depth of two
vertical stilling wells for the .canal outlets at Wanship Dam. Each
well has corner fillets and a sleeve-type valve which seats on a
pedestal located in the center of the well floor .

| ‘CONCLUSI_ONS —

1. A water depth of 9.3 feet, measured upward frowm the top of the
pedestal, is required for smooth flow conditions in the Wanshlp
Wells. These wells have corner fillets and operate at a maximum
design discharge of 16.7 cubic feet per second under total de51gn
heads up to 118 feet relative to:the top of the pedestal. - ’

2. A water depth of 11. 8 feet, ‘measured upward from the top of
the pedestal, would be required for smooth flow conditions if the
‘Wanship Wells did not have corner fillets and were 1o be operated
at the maximum de31gn condltlons ‘

3. For best results the lower fillet slopes should 1ntersect the

corners of the well 18 1nches above: the floor.
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The data uponwhichthis report is based was obtaJLned by D. Colgate
during the period February-May, 1954. ° )

INTRODUCTION

Wanship Dam is located on the Weber Rlver in Utah about 20 m11es

east of Salt Lake City and about 1-1/2 miles south of the town of Wanship
(Figure 1). Thedam is azoned earthfill structure with a crest length -

of 2,010 feet and aheight of about 156 feet.  Water storedinthe Wanship
Reserv01r will be distributed through existing canals and ditches to
supplement presentirrigation supphes inthe mountain valleys below

the dam. Inthe future, some reservoir storage will alsobe usedto gen-
erate electrical power forthe operatlon of project works and for sale to
preferential customers.

The oatlet works is designed for amaximum dls charge of 1, 550 cubic
feet per second with the water surface at elevation 6049 and has provision:
for releases into the Weber River, into the future powerplant penstock
or intothe East Wanship Canal and West Wanship: Ditch (Figure 2)."
The outlet works consists of an intake tower, al2-foot-diameter tunnel
from the intake towertothe gate chamber, a 5- by 6-foothigh-pressure
gate, an 85-inch-diameter steel outlet pipe from the gate chambertothe.
control house, two 3.5- by 3. 5-foot high-pressure control gates, a
stilling basin, anda r1prapped channel which is sloped to the ‘riverbed.

A 72-inch-diameter pipe stub branches off the 85-inch- diameter steel
outlet pipe to provide flow to the future powerplant. Pipes of 24~ and

16 ~inch diameter alsobranch off the 85~-inch-diameter steel outlet p1pe
to release irrigation water into West Wanship Ditch-and East Wanship .
Canal, respectively. These smaller branch pipes terminate in vertical
stllhng wells (Figure 3). The flows inthe 24- and 16-inch-diameter
branch pipes are controlled with sleeve -type valves which seaton ped-
estals located inthe centers of the st1111ngwe11 floors (Flgure 4).

A vertical stilling well was con31dered tobe the most economical struc -
ture to dissipate the kinetic energy of the high velocity flow; however,
there was little information regarding the dimensions required for satis-
factory operation. Therefore, studies were made with ahydraulic model
in order to determine the required depth and placement of the corner fil-
lets for the two vertical stilling wells. Since both Wanship stilling wells
operate under almost identical conditions, amodel study of one well suf -
ficed for both. :

THE MODEL

The studies were conducted on a 1:2 scale model of the. st1111ng
wells which included a 6-inch supply pipe, an 8-inch downspout, a
pedestal, valve support brackets, corner fillets similar to those




developed on the Soap L.ake Slphon Stilling Well 1/, anda short reach

of downstream channel (Figures'5 and 6), The we11 was repre-
sented by a 3-foot-square plywood box. One side of the box was
constructed from tongue-and-groove ‘boards so that the side could
be raised or lowered in a‘manner similar to. stoplogs in canal N
structures. This type of construction allowed the effective model
depth to be varied between 3-'and 5.4 feet. A short:reach of rec- ‘ s
tangular downstream channel was placed’ on top of the uppermost Tk
""stoplog" and secured to the model supports with C-clamps. The
purpose of this downstream channel section was to prevent draw-
down of the water, surface in the model st1111ng well S0 as to: repre-
sent the prototype canal i

The Mechanical Branch des1gned a: sleeve-type regulatmg va],ve
which was used in the prototype’ (Flgure 4). The prototype included
a pedestal 1 foot high and 4 feet in diameter placed in the center of
the stilling well floor. The valve body was anchored to the pedestal:
by four 2-1/4-inch angle braces. These braces were: connected
from the perimeter of the pedestal to the body of the valve. In the
model, four wooden angle braces were used 1o a.nchor the end ofthe
downspout to the pedestal (Figure 6B). The valve openings were
modeled by changing the length of the downspout. The length of the
‘downspout was made adjustable in the following manner. The down-
spout was constructed from two sections of 8-inch pipe. ~ One sec-
tion was fixed to the supply line and the other section was: movable

A Dresser Coupling flange was welded to the fixed section of the ,
downspout. The movable section of the downspout could then be . .
telescoped about 3 inches into the Dresser Coupling. Three& Lolts ;
through the coupling were sufﬁclent to msure a watertlght seal

(Figure 6A). |

Discharges in the model were measured w1th cahbrated ventur1
meters located permanently in the laboratory. 'The pressure ‘head

in the model was determinhed with a direct-reading differential -
manometer (pot gage) connected to a piezometer tap placed in the
6-inch supply line. 'The total head at the: pedestal was obtained by
adding the velocity head in the downspout to the pressure head in ‘
the supply line and accounting for changes in elevation, as well. as’ Tein
losses due to friction, bends, ‘and an enlargement to the’ 8-1nch
downspout. . ‘ :

In this report all depths and heads refer to the top of the pedestal
and all dimensions refer to the prototype, unless otherwise noted.

1/Hydraulic Laboratory Report No. HYD-2717, "Hydrauhc Model
: Studies of the Stilling Well for the Blow-off Structure ‘Soap Lake
(inverted) S1phon Columbla. Basin PrOJect " by D. Colgate



THE{INVESTIGATION

Test Procedures

In testing the structure, two: separate procedures were useo " The R s
first procedure co'.sisted of atest withthe corner: fillets and holding =~ - =
the designhead and discharge constant. The: depth'was increased =~ = ‘
until a point was reached where 'the high- energy flow.was d1ss1pated
sufficiently to produce a smooth water surface in the well. The
seéond procedure consisted of a series of: tests without'corner fil- -
lets for various discrete well- depths For: any: partlcular well dcnth
the length of the downspout was varied to give model valve openings
of 1/4, 1/2, 3/4, 1,'1-1/2,-2, and 3 inches. The flowwas adJusted
at each valve opening to give a smooth water.surface in the well,
Then pressure readings‘were taken;’ from wh1ch ‘the. dlscharge and
total head on the pedestal:could be detérmined. ‘After a series of
valve openmgs were tested, the well depth was changed and tests
with the series of valve opemngs repeated ‘ ‘ SR

The effectiveness of the:corner: f111ets was' determmed by compar—
ing the resulis obtained from the two: procedures The height of the
corner fillets from the floor was also.changed m those tests con- .
ducted at the design head and d1scharge. :

Test Results

The test results are: presented 1n Flgure 7 Whlch is a. plot of
, “‘ d versus Q '\/_ |

where d = depth of water in the' well measured from the top
of the pedestal 1n feet. ‘

Q d1scharge in cub1c feet per second
H ="total head at the pedestal in: feet

The points shown on the solld curvge (st1111ng well w1thout corner
fillets) are the root-mean- -square values obtained from tests at :
various valve settmg., By using the method of least squares, the |
curve ‘ TR R '

) d+1 | o "1 ~0.5506 o -
(1) QVE = 575735 - 0.0374d ‘? QT TET 0.0874 .

‘was found to be a good fitfor the expeJ 1menta1 data for 35<@ ‘\/— < 200.




Only one expemmental point - was determmed for vertmal stﬂ.‘lmg :
‘wells with corner fillets, Therefore, the following procedure was .
used to formulate the curve ‘for wells w1th corner fillets: / ‘

Assume that the general equatwn Whlch descr1bes the flow in vertl-. £

cal stilling wells elther w1th or w11:hout corner: f111ets is of the formf :

el
QVH =377 a_ (ar D)

where ao and al are emplrlcally determmed constants. -

The general equatlon may also be ertten 1n the forrn S

| Q'V’ﬁ. a°+(d+1)‘ |

)wnh reSpect to 1 - is
Q\/"‘ S

sl
V'd(d:l )

The f1rst derivative of ( ‘
| a1

The value of the constant al was obtamed from equatlon (1) ag.
‘can be evaluated for stilling:wells with corner fillets by (a) assum-
ing that aj is the same constant for the Wanship vertical ‘stilling
wells either with or without corner fillets, and. (b) using the result
of the test conducted in the first procedure.' Thus, the: equatlon for
vertical stilling wells with: corner f111ets can: be wr1tten :

(2) QWH = m*s%ﬁa—wm %25’1&)'(5—40 0473 |

for 35< Q VH <200.

The curves in Figure 7 show that for a total head of 118 feet at the
pedestal and adischarge of 16,7 cubic feet per second, a water
depth above the pedestal of 9. 3 feet is required in stilling wells
with corner fillets; whereas, ‘a depth of 11. 8 feet is required in a
stilling well without corner fillets to obtain a smooth water surface.




Flow Conditions «

A well was con51dered to be operatmg satlsfactorlly when the flow
surface was relatively smooth as judged by the experimenter.

Although this does not seem’to be an accurate method of evaluation,

consistant results are obtained as:can be.seen from the. smooth
curve in Figure 7. Actually, the water: surface was not smooth

100 percent of the time. Occasionally, ‘a: ‘surge of water would
come from the well, causing the water surface to be dlsmrbed 1n
a local region (I“J.gure 8A) L ‘ . '

Height of Corner Fillets

In Spe01flcat10ns No. DC- 4170 Drawmg No 526 D 150 the corner
fillets are shown 4 feet above the floor of the well (Flgure 3). With
the corner fillets placed at this elevation and with the pedestal and
valve as designed, the flow in the model was very rough. The
corner fillets were then moved down until the lower intersections
of the fillets and the corners of the well were 18 1nches ‘above the
floor. The flow with the fillets“in this position became relatively
smooth for a prototype discharge of '16.7 cubic feet per. second, a.
total head of 118 feet and a water depth of 9.3 feet (Figure 8B).
Therefore, it is recommended that the. flllets be: placed 18 1nches
from the well floor: :

WELL SIZE DETERMINATION

Procedure

In using Figure 7 for sizing other 1nsta11at10ns the followmg pro- )
cedure is recommended

(1) Determine the gross cross- -sectional area of the proposed
well by limiting the average vertical velocity to 0.5 feet per
second. (An average vertical veloclty of 0.5 feet per second

will result in a smooth water surface. If:a‘rough water surface-
can be tolerated, the average vertical veloclty may be 1ncreased '

to as much as 1.5 feet per second.)

(2) Find the scale factor. between the:well’ belng con81dered and
the Wanship Well by the: followmg equatlon




s
;N— 6 .

where N = scale factor, :
S = length of one ‘side: of a square we]_'l bemg '
considered, in:feet;
6= length of: one 31de of the Wanshlp We11

(3) Compute (Q VE ) by the followmg equat1on

R ,‘Qd/'\/ﬁd o

where Qg4 = demg‘n d1scharge , :
Hd = total design’ head at the pedestal : SRS
The subscrlpt w re,fers to Wanshlp stlllmg Well da‘ta S

The precedmg equatlon 1s derlved as follows

- In the vertical. st1111ng wells _the general flow condltlon is -
turbulent with a'free-water: surface.: Therefore, the" Froude
law scaling ratios are applicable, 'since the gravity ‘effects
outweigh those of viscosity, elasticity, and surface tensmn
Thus, the followmg relatlonshlps exist: ‘

H,. = Head ratio = Lr

Hence (QVH) = L 5/2XL 1/4--L 5/2 =Ly, 3 (LP ) = N3

where r = ratlo of prototype quantltles to Wanshlp quantlﬁes “;
Lp prototype d1men51on ’ . | ‘ |
Ly = Wanshlp .d1mensmn o
Therefore, T »

w

QaVHqy

or '(Qm)w T NS




(4) From the computed value of: (Q‘\/H) and F1gure 7 deter—
mine the depth, (d)w, correspondmg to. QVﬁ) i

(5) Compute the requlred depth d of the well from the equatlon

d= N x (d)w |
This procedure is applicable for only those wells that are geomet- he

rically similar to the Wanship wells in‘every respect Other con-‘- ‘ G
figurations will require further model stud1es - i

"anmple C
Compute the required dimensions of a square st1111"1g well usmg
corner fillets and a sleeve-type valve which seats on‘a: pedestal in: ¢
~ the center of the well floor. The total head at the pedestal will be

up to 100 feet with a max1mum dlscharge of 30 cub1c feet: per sec- o
ond. s : : : ‘

(1) Requ1red gross area = g 5‘ = 60 square feet

A well 7 feet 9 inches on a side has an area of 60 06 square feet
which is sat1sfactory : ,

(2) Scale Factor
o
(3) Computation of (QVH)y:
(QVEH)y

£ (30)( m>

:(;1 29)3 - 139 2

(4) From Figure 7, using the curve for a well w1th f111ets and
the results.of (3), one obtains = - S SETEE SR
(d}w = 9.0 feet
| (5) The requlred depth for: the well. bemg con51dered is thus

d = N x (d)y |
=:(1.29)(9.0) = 11.6 feet




In order to be geometrlcally similar in a11 respects, the followmg
dimensions will apply to’ the we11 under con51derat10n

‘a. Downspout dlameter = (16") N = (16)(1 29)
A 20-1nch pipe will be acceptable |
Pedestal dlameter (4. 0" N = (4 0)(1 29)

=5,2 |
Use a 5' - 2";d1ameter pedesual 0
Pedestal hel,g:ht (1. 0') N = (1 o)(1 29)
= 1,290

Use a pedestal 1' - 4" high.

Corner fillet height above the floor of the well

= (18N = (18)(1.29)
= 23" e

Use a helght of 21 -0" from the floor of the we11 to the
‘lower intersection of the: f111et‘and ‘the:corner of- the well.

Corner fillet dimensions

- Multiply all corner fillet dlmenswns as shown'in F1gure 3,
by 1.29 to obtain the required dimensions for the well
under consideration. These: dimensions: may be. rounded
off to the nearest inch. L i
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and allove pipe to Fill. Co
D.0pen I"globe valve 42 to vent air while filling. Close when BT, — =3~ = : — R e ; gr ST : y ~ B o —*.
all air fias vented. SV SR : T : : S e e e e s e e S Botfom E1°5915,00 WesE Wanship Difeh e p

E.Qoen sleeve valve to desired position by turning handwheel. ... o | T e et TN i e . : i T A N - : LA . : R
counferclockwise. 24% revolufions rquiret/ fa%omp/efe/y B R A G i P i e ; _ Bottom E1.5867.50 East-Wanship Canal —2 __- |

open valve, : o N ‘ i ‘ . _ L
3.T0 TAKE VALVE OUT OF SERVICE : I o ' ‘ ' I ‘ ‘ o ‘ g

A4.Clase wedge disc gafe valve in confrol house. oL - . : _ SR : - - SN : -

8. gpen gafe valve on the 4'drain Jine located in the control

ouse. ‘
C. Qoen 1globe valve 42 fo vent pipe, allowing it fo drain,
D Cpen sleeve valve.Pump valve prf dry before freezing weother
4. MAINTENANCE ;.
Affer the valve has been in service ror one year, 1ne sieeve,
liger ond stem should be inspectfed for the accumulation
of scale on the finished bronze or brass surfaces, An
scale present should be removed and. the omoun¥ noted
qnd used as a guide in determining future cleanine
intervols. ‘ .
5. LUBRICATION:? )

ELach year remove plug © ong droin ony accumulations of il or

. .conaensale. Réplace plug. kemove plugs 4 and B and add, thru
A, a geod grade of aulomobile motor ofl, rust ang oxidation
inhibited, SAE. 20,unlil cil-appears at B. Replace

plugs.
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F1gure §
Report HYD 481

Adjustable .

WANSHIP.’DAM - ‘
VERTICAL STILLING WELL £
Schematic View

1:2:Scale ‘Model




Figure 6
Report HYD 481

5261-31306" |

A, Downspout Adjustment Mechanism

B. Downspout, Pedestal and Valve Support

WANSHIP DAM
VERTICAL STILLING WELL
Downspout Adjustment and Valve Support
1:2 Scale Model




FIGURE 7
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Figure 8
Report HYD 481

A. Water depth from top of pedestal = 10. 2 ft.
Note surge on smooth water surface.

B. Water depth from top of pedestal = 9.3 ft.
(Recommended)

WANSHIP DAM
VERTICAL STILLING WELLS -~
Flow in Wells With Corner Fillets--Excessive & Recommended Depths
Total Head = 118 feet, Discharge = 16.7 cfs, Fillets 18"fromwe11ﬂoor.
1:2 Scale Model




